The gradual decline in the ecological condition of natural pastures as a result of over-utilization and the application of insufficient management decisions, coupled with the detrimental effects of long-term drought, has left extensive areas of high potential grazing land in southern Africa in urgent need of restoration. However, due to the limited number of grasses currently available for rehabilitating and restoring the vast number of different habitats encountered, an extensive research programme was initiated aimed at selecting indigenous grasses suitable for restoration of denuded areas in the arid and semi-arid grasslands of southern Africa. Forty-five specimens of Digitaria eriantha were collected and included in an investigation using 23 morphological characters in a principal component analysis to assist in the delimitation of ecotypes. Results presented here are representatives of this sample of the species. Digitaria eriantha can be delimited into five ecotypes, each associated with a particular rainfall region and/or habitat condition. The second part of the paper deals with the mode of reproduction employed by each D. eriantha ecotype identified, where the degree of sexuality and reproductive potency of each ecotype was determined. Ecotypes DEBTUF, DEBSENW and DEKTUF displayed the best seed germination and the worst vegetative reproductive potencies. Ecotypes DEBSTOL and DEKSTOL proved to be better adapted for vegetative reproduction by stolon scions. The presence of ecotype variation, different reproductive modes and a wide geographic distribution imply that an extensive and diverse genetic adaptability for survival under fierce environmental conditions exists within D. eriantha. Acquisition of hardier, more viable ecotypes may prove invaluable for the restoration and reinforcement of degraded land, especially areas subjected to extreme environmental stresses.
The gradual decline in the ecological condition of natural pastures as a result of overutilization and the application of insufficient management decisions, coupled with the detrimental effects of long-term drought, has left extensive areas of highly potential grazing land in southern Africa in urgent need of restoration. Prominent rangeland and reclamation ecologists are currently involved in a restoration project, using degradation models and developing restoration techniques and methods for the revegetation and reinforcement of natural rangelands (Kellner, 1994) . However, due to a limited number of grasses currently available for rehabilitating and restoring the vast number of different habitats encountered, an extensive research programme was initiated aimed at selecting indigenous grasses suitable for restoration of denuded areas in the arid and semi-arid grasslands of southern Africa.
Research by various rangeland ecologists (Tainton et al., 1985; Bosch & Janse Van Rensburg, 1987; Janse Van Rensburg & Bosch, 1990; has revealed that Digitaria eriantha Steud. is an important pasture grass species in the semiarid grasslands of southern Africa. This species occupies a wide variety of soil and vegetation types and habitats over a large geographical area ( Fig. 1) (Chippindall, 1955; Kok, 1984) , including grassland, savanna and woodland, and extending into marshes and along riverbanks (Chippindall & Crook, 1976) . Roberts (1971) and Roberts & Fourie (1975) are of the opinion that this species often occurs on sandy soils, whereas Müller (1984) states that D. eriantha also prefers stony soils.
Due to pronounced differences in ecological status and the high degree of morphological variation within D. eriantha, and Theunissen (1992) conducted a study aimed at investigating the presence of ecotypic variation in this species. It was found that in the semi-arid grasslands of southern Africa D. eriantha exhibits a considerable degree of variation with regard to morphology, biomass production, chemical composition and trichome index. Representatives of this species were delimited into three main groups each representing a different morphological distinct ecotype, associated with a particular habitat . The presence of ecotypic variation within D. eriantha, the ecological importance of this species, and its ability to occupy a large variety of different habitat types over wide geographic areas prompted the use of this species in the selection programme. The first part of the paper reports on a study that was subsequently undertaken to select superior ecotypes from the large range of forms within D. eriantha, whereas the second part deals with determining the reproductive mode of the selected ecotypes. During this investigation a taxometric approach was followed using 23 vegetative morphological characters in a principal component analysis to assist in the delimitation of ecotypes. The importance of knowing and understanding the reproductive mode of ecotypes selected for reclamation and restoration becomes particularly important when taking into consideration that vast areas of degraded land needs urgent rehabilitation without resorting to costly, time consuming, establishing techniques. This problem can largely be overcome if the most effective reproductive mode for each ecotype is identified and used correctly. In order to meet this objective, scion growth, pollen fertility and 'seed' (caryopsis) germination tests, and embryo sac studies were used to determine the degree of sexuality and reproductive potency of the D. eriantha ecotypes delimited in this study.
Materials and methods
The study was conducted in the semi-arid grassland region of southern Africa where long-term average rainfall varies from 250-1000 mm per annum. However, rainfall is erratic and seasonal droughts may occur.
Specimens of D. eriantha were collected at 45 different locations in the semi-arid grasslands of southern Africa (Fig. 1 ) in 1990/92 and cultivated under uniform environmental conditions in polyethylene bags (200 mm diameter). Plants were maintained in a glasshouse at 27/22°C day/night temperature and watered every third day. The morphological characters studied are given in Table 1 . For a detailed discussion on the methods used for studying these characters, refer to Theunissen et al. (1992) .
Numerical analysis
The final data for D. eriantha were standardized using the method of Sneath & Sokal (1973) and analysed by means of a principal component analysis (PCA). The principal components were calculated by the PRINCOMP-program (Statistical Analysis System Institute Inc., 1985) . Each principal component is a linear combination of the original variables, with coefficients equal to the eigenvectors of the correlation or covariance matrix. The eigenvectors are customarily taken with unit-norm. The principal components are sorted by descending order of the eigenvalues, which are equal to the variance of the components. Position of hair on the leaf sheath -20
Leaf sheath colour -21
Tuft density -22
Growth form -
Degree of sexuality
Pollen fertility tests and embryo sac studies were used to determine the degree of sexuality. At the time of anthesis, anthers from five randomly chosen members of each ecotype were gently squashed in a 2% iodine-potassium (I 2 -KI) solution (Quarin & Norrmann, 1987) . Pollen fertility was calculated by counting dark stained (black), mature pollen grains in the field of vision of an Olympus light microscope, on five randomly chosen sites on each preparation and expressed as a percentage of the total number of pollen grains counted. Young inflorescences from five randomly chosen members of each ecotype were fixed and stored in Navashin's fixative (Maheshwari, 1939) at 4°C. The spikelets were dissected in 30% ethanol in order to remove the ovary from the upper fertile floret. Ovaries were cleared using the method of Herr (1971) . To observe the embryo sacs clearly, special slides were prepared by punching holes into small rectangular sheets of plastic (12 ϫ 22 mm). The plastic sheet was applied to the slide with a strong adhesive. Five ovaries, together with a drop of Herr's fluid (Herr, 1971) were deposited into the hole in the plastic sheet and covered by a cover slip so that a threedimensional image of the embryo sac is obtained with phase contrast optics, using a Zeiss binocular light microscope.
Reproductive potency
Sexual reproductive potency was determined by collecting dry seeds from mature racemes from five randomly chosen members of each ecotype identified. To overcome winter dormancy, the seeds were placed in darkness at 4-5°C for a period of 5 days before commencing with the sexual reproductive experiments.
Sexual reproduction: seed viability
One hundred seeds per member were allowed to imbibe in Petri dishes between wet absorbent cellulose wadding for 24 h at a controlled temperature of 25°C. These seeds were then covered with 0·1% tetrazolium solution and left for 4 h at 25°C. O 2 uptake of viable seeds results in the reduction of colourless tetrazolium to red-coloured triphenylformazan (Ross, 1974) . All red-coloured seeds were regarded as viable, and recorded as a percentage of the total number of seeds used in the experiment. The experiment was repeated three times.
Sexual reproduction: seed germination
For each experiment, three repetitions of 100 seeds for each individual of the five randomly chosen members of each ecotype were placed on absorbent cellulose wadding covered with two layers of absorbent Anchor germination paper. Petri dishes were kept at 20-25°C in darkness after adding 15 ml of 0·2% KNO 3 solution. A stereoscopic binocular microscope was used to count and examine germinated seeds.
Vegetative reproduction
Sixty scions each of stolons and rhizomes were cut from five randomly chosen members from ecotypes DEBSTOL and DEKSTOL, whereas sixty scions only of rhizomes were cut from ecotypes DEBTUF, DESENW and DEKTUF. Each scion contained a single node. These were kept in a 0·01% cytokinin solution for a period of 10 days at controlled diurnal temperatures of 22-27°C/7-15°C and an 8 h daylight exposure. Pretreated scions were planted ~5 mm deep in humic potting soil, watered every third day and the reproductive potencies recorded.
Results and discussion

Delimitation of ecotypes
Results for the Principal Component Analysis (PCA) are shown in Figs 2-4. Characters exhibiting strong loadings (absolute value ≥ 0·6) on the three components of the PCA are given in Table 2 . The first component of the PCA accounts for 27% of the variation of 22 characters in the analysis. This component differentiates the individuals into two major groups clearly positioned at the positive and negative sides along the horizontal axis at component 1 (Fig. 2) . Representatives of D. eriantha situated on the negative side of the x-axis (group A) (Fig. 2) have narrow, cream-white ligules, narrow leaf blades and glabrous leaf sheaths. The remaining representatives placed on the positive side of the x-axis (group B) (Fig. 2) have broad, light brown or dark brown ligules, broad leaf blades and hairy leaf sheaths ( Table 2) .
The second and third component of the PCA account for 24 and 19% of the variation of 22 characters in the analysis, respectively. An examination of component 2 (Fig. 3) indicated that two characters exhibit strong loadings, namely, growth form and culm position ( Table 2) along the x-axis (groups C and T) are characterized by a tuftlike growth form and erect culms, whereas group S, situated on the negative side at component 2 (Fig. 3) , has a stoloniferous growth form and geniculate culms. The third component clearly differentiates group C from groups S and T along the y-axis of the PCA ordination diagram (Fig. 3) . The separation of group C from the latter mentioned two groups, as effected by component 3, can be attributed to three characters, namely, leaf sheath and leaf blade colour, and ligule length (Table 2 ). Group C is characterized by greenyellow leaf sheaths, short ligules and yellow-green leaf blades, whereas groups S and T are noted for having longer ligules, greyish yellow-green leaf sheaths and dark green to herbage green leaf blades.
For the final grouping of the 45 representatives of D. eriantha, as presented in Fig.  4 , the following was taken into consideration: (a) the grouping as effected by components 1 and 2 is clearly related to rainfall and geographical distribution; and (b) according to the ordination of components 2 and 3 (Fig. 3) the members of this species are grouped into two morphologically distinct groups within the species, which have different ecological functions. The relation to a rainfall gradient becomes apparent when taking into consideration that members from group A were collected in the higher rainfall areas (600-1000 mm per annum), whereas individuals collected from lower rainfall regions are represented by group B (250-600 mm per annum) (Fig. 2) . Due to its ecological significance it was decided that for the delimitation of ecotypes, recognition should be given to the stoloniferous-type (group S) and tuftlike-type (group T), occupying disturbed and undisturbed areas, respectively, within formermentioned rainfall areas (Fig. 4) . The stoloniferous type is associated with disturbed areas and acts as a pioneer species by colonizing open bare areas in degraded pasture and is generally less palatable than the tuftlike type, which on the other hand is associated with pasture in the climax condition comprised mainly of palatable species . Group C represents an ecotype within this species occupying water-rich environments in the high rainfall areas (Fig. 4) . Results from this study revealed that representatives of this sample of D. eriantha can be delimited into five ecotypes (Fig. 4) . The group label (combination of letters used to indicate the groups in Fig. 4 ) with its corresponding ecotype name, ecotype name description and regional/geographical and/or habitat preferences are given in Table 3 .
Degree of sexuality and reproductive potency
Pollen fertility of the representatives studied revealed a considerable degree of variation as shown in Table 4 . Members of the D. eriantha sample studied by Pritchard & Hacker (1972) had a pollen fertility of 0·0-0·4%. In our study only pollen grains staining dark black were regarded as fertile, with the infertile grains being smaller and remaining yellow, indicating a delay in development. At the time of anthesis, stainable pollen grains varied from 26·3 to 94·6%, with the ecotypes DEBSTOL and DESENW having exceptionally high levels of pollen fertility, namely 78·1-81·2% and 89·4-94·6%, respectively. With the exception of six individuals of D. eriantha included in this study, belonging to the ecotypes DEBTUF, DESENW and DEKTUF, normal sexual embryo sacs were observed in this species (Table 4) . Although no four-nucleate embryo sacs (aposporic) were observed in these three ecotypes, abnormal embryo sacs revealed distinct signs of abortion and appeared as a dense mass of cytoplasm, devoid of any vacuoles and nuclei.
Results from this study (Table 4) and previous investigations by Theunissen (1993) and Pritchard & Hacker (1972) indicate that pollen fertility in D. eriantha is related to embryo sac type. Members belonging to the ecotypes that have pollen fertility levels of more than 70% produced normal sexual embryo sacs (Table 4 ). In the six individuals belonging to ecotypes DEBTUF, DESENW and DEKTUF with pollen fertility levels of less than 70%, only aborted embryo sacs were observed (Table 4) . Although no extensive embryo sac studies have previously been conducted on D. eriantha, this research and investigations by Pritchard & Hacker (1972) and Spies & Gibbs Russell (1988) points to the presence of apomixis in this species. Table 3 . † Normal=normal sexual embryo sac; aborted=aborted embryo sac (abnormal) characterized as having a dense mass of cytoplasm without any vacuoles and nuclei.
Seed viability of ecotypes DEBTUF, DESENW and DEKTUF varied between 32-55%, with ecotypes DEBSTOL and DEKSTOL having exceptionally low levels of seed viability (Table 4) . Similar results were found for seed germination with the latter mentioned two ecotypes, both having the lowest percentage of seed germination (Table 4) . Ecotypes DEBTUF, DEBSENW and DEKTUF, with the tuftlike growth form, displayed the best seed germination and the worst vegetation reproductive potencies. As only rhizome scions were used for these ecotypes, a relatively low scion establishing percentage of 0·0-7·1% was achieved (Table 4) . Relatively high levels of seed germination were observed (Table 4) ranging from 534-640 germinated seeds of the 1500 seeds used for each ecotype in the germination experiments. Ecotypes DEBSTOL and DEKSTOL proved to be better adapted for vegetative reproduction by stolon scions. In these ecotypes the establishing ability of stolon scions outstripped that of rhizome scions by an average ratio of 4·2:1. Of the 3000 seeds of DEBSTOL and DEKSTOL used in the germination experiments, only 189 germinated. This diverse adaptation within different ecotypes of the same species, with regard to progenetive characteristics, will only be elucidated by additional research.
This study indicates that the best results will be obtained when using stolon scions to establish ecotypes DEBSTOL and DEKSTOL, whereas seeds should be used to establish ecotypes DEKTUF, DESENW and DEBTUF in denuded areas. However, the influence of growth stimulants and varied conditions on scion growth, and pregermination treatments required for seed germination, must be determined to optimize establishment in disturbed and degraded areas. To ensure optimal establishment, the most suitable method of establishment, for example mechanical planting vs. mulch hydroseeding, should be evaluated. Although D. eriantha is associated with well managed vegetation (Decreaser-species), this species also becomes abundant in moderately severely over-grazed vegetation (Increaser-species). This difference in ecological status is made possible by different ecological functions performed by the two growth form types in the different geographical regions and habitat conditions, involving the participation of different D. eriantha ecotypes. The exact way in which morphological and other characters contribute to the performance of ecotypes pends further investigation. Since the ecotypes were kept under uniform conditions for 3 years and for the duration of all experiments conducted during this study, it is clear that the variations encountered have a genetic basis. The presence of ecotypic variation and different reproductive modes, and wide geographic distribution of the species imply that an extensive and diverse genetic adaptability for survival under fierce environmental conditions exists within D. eriantha. As a continuation of this study, delimited ecotypes of D. eriantha are presently being selected for specific attributes (e.g. biomass production (Theunissen, 1995a) , palatability (Theunissen, 1995b) , drought resistance, pH and salinity tolerance) under fierce environmental conditions to determine their adaptability and resistance to environmental and climatic extremes. The acquisition of hardier, more viable ecotypes exhibiting these attributes may prove invaluable for the restoration and reinforcement of degraded land, especially areas subjected to extreme environmental stresses.
